Jobogooobuoogood

go od

1 0DO00d

O00000Oooo (F200000 1997000000
oooooooooooOoOOOOOOOOOOOOO
goooooooooOoOoOoOOOOOOOOOOO
00000000000 (b0oemO0O000OO00OOO)O
00000 (Doooooo)ooooooooooo
oo0Ooo0oo0ooo0ooOooco0oooooooono
goooooooooOoOoOoOoOOOOOOOOOO
goooooooooOoOoOoOoOoOoOoOoOoOoOoOoOoO
00000000ooo0oooooooooooooog
goooooooooOoOoODOOOOOOOOO00O0
goooooooooOoOoOoOoOoOoOoOOOOoOoOO
gooooOoooooOoOoOoOoOOOOOOOoOoOO
ooooooo

oed0D0000D0O0OO0OD 20020 60000000
o00ooooooooooooooooooo 0O
0 (008000 30000 200000 10000
0 10000000 1)oOooooooooooooo
goooooooooOoOoOoOoOoOOOOOOOOO
goooo1e00000o0oooooooooooo
oooooooooOoOOOOOOOOOOOOOO
0004000000000000000

00000000000 000O00O EIGEN(DODO
0) 00000 WinKIT(OOOOOO)O300 Osaka
Univ. Trackies 2002 (00 00)0000 400 GMD-
Musashi(OODOOO0OO0OODOOO0OO0OO0OODODOODOOOOOO
00000000000 00)00000GMD-Musashi
O Technical Challenges0 000000000 O0O0DOO
O 0RSJ award 0 0 0 0 0O 0O O O Technical Challenges
goooooo110ooo0o0O0OD0OODOOOOO0O0OO
ooo2000000O000O0O0O0ODOOOOO0OOO
goooooooooOoOoOoOoOOoOOOOOoOOO
0000000000000 000Doooooooo
gooooooooooOoOoOoOoOoOOOOOoOoOO
000000000000ogogd RoboCup2002 O
000000 1joooooooo

ooooooooooOoDOOOOOOOOO0OO00O0
goooooooooOoOoOoOoOoOOOOOOOOO
goooooooooOoOoOoOoOoOoOoOoOoOoOoOoOoO

Fig.1 RoboCup2002 0 000 O0O0O0O0O0OO0OO0O

gooobooooboooobooboobobooo
boooboooobooooboooobooog
obooobooooobooooboobooboooo
oboooboobooobooooboooboobooooo
goooboooobooooboobooboooo
000/0000000000000000O/00/0
oboooboooobooooboooboobooooo
oobooOooobooooboooboooooboooobo

2 Jooobobooodad

21 0ODO0O0O0OO0O0bOOo0obooboon

00000000000 Spirit of BoliviaO OO [2]
0000000000000 0O0/00000000
0000000o0o0oo0ooooooo (Do)ooo
goooboooobooooboooboobooog
obooobooooboooobooboobooooo
O00000000ooooooooooo (Fig2)o



Fig.2 00000000 (00)0000000000
0oOoo0o0 (00)

22 Oo0o0obbOboooobobod

00000 EIGENODOODOOODOOODOOD
gbooooobooooobobobooooboooooo
gbooooboobooboooobobooooboao
gboooobooooobobooooboobooooan
obooooboooooboboboobooboooboon
gboooobooooobobobooooboooogoo
gboooobooobooboooobobooooboaon
gboooobooooboboooboobooooan
00000o00o0o000oo0ooooooooo (ooo
gboooobooobooboooobobooooao
gboooobooooboooooboobooooan
00000000 0)0000ooooooooooo
gboooooboooobooboobooboboooobooo
gboooobooooooboooooaon

23 0OOOOOoOOOOOoOoODOODbODOD
ao

000000 ISecRob O OO 300000000
gboooooooboboobooooooooooboaon
obooooboooooboboooboobooooaon
gboooooboooooboobooooboooobooo
gbooooboooobooooboobooooao
gbooooboooobobooobobooooaon
oboboooooboboooboobooooooon

obooobooooobooboooooboooon

24 000OO0OOO

24.1 QUOOOOOOOOO

Fig.3 0000 TrackiesOOOOOOOOOODOOO
goo

0000 Trackies1000000000000000
000000000000000000000000
000000 [4,5000000000000000
00000000000000000 QOO0000
(00000000000000000000000
0000 (700000 KIRCOOO 8000000
000000000000000000000000
0000000000000 EQOO0DO0O0DNOOOO
EQ000000D0000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0090000 [10)000000000000

24.2 0OO000O0ODOOOO

3
i
H
g,
H

Fig.4 000000000000
0000000 (0)

. 000000 (@)

obooobobooooOoooobooboooooDn
gooobooooboooobooboobobooo
boooboooobooooboooboobooog
obooobooooboooobooboobooooo
0000 TrackiesOOOOOOOODODOOOOOOO



000 ([11]000000000000000 (1200
00000 (Figd)O

243 000O0OO0OO

]

all x goal ]

g

i

e
\ 1
== 1 E=as 8
Ball image Ball image Goal image Goal
omni camera  perspective camera  perspective camera n

mENN
RENNN

<
o [N
S Nl
P8
3 vl
&

Fig.'s 000000000 DOOOOODOOOOODO

0000 Trackies[13] 000 00O0O0OOOOOO
goooooobobooooobobuooooon
goodobobbbooooobobbbbooooooo
goodooooboooooboobobooooooo
goodooobooooooobobobbooooooo
goooobobuoooobobuooobbooooog
goooobobobboooooobobobbooooooo
goodoooobbooooooobobbooooooo
000 [14](Fig.5)0

000 CSFreiburg 000 150000000000
00 (Multi-Layered Reinforcement Learning) O 0 O
ooooooooooooooooooooooon
O0000000000000O00Stone and Veloso[16]
goooooooobooooooooooooon
0000000 (shootGoal, shootAway, dribbleBall,
searchBall, turnBall, approachBall, freeFromStall) O
goodooooobooooobobouooooon
goodobbbbooooobobbbbooooooo
goodooobobboooooobobobooooooo
0ooooooboobboobobobobooooooooo
gooooo

25 Uooobbbooooon

godooooooooooboobobbbobobooooood
obboobooobooooboooboooobooooon
0000000000000 000000 Trackies[17]
gbooooboooobooooobooobooooao
gbooooboooobobooooboobooooaon
000000 EIGENOOO [1I8|000ooooon

obooobooooboooobooboobooooo
obooobooooboooobooboobobooo
oooobooooboooobooboobooog
gbooobooooboooobooboobooog
obooobooooobooboooooboooon

2.6 U000oouoooboooboobobodgn
goon

000 [900000oo0ooooooooooo
oooooo ccboooopooooobopoooooo
gooobooooboooobobobooboooog
gbooobooooboooobooboobooog
oboooboooobooooboobooboooo
oooobooogo

3 oouoooooooobbod
ud

3.1 0OUOooobobogd

000000000000000000000000
00 UTTORI United. 0000000000000
000000000000000000000 [20,21)
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000 [22,23]0
0000 (0000000000000000000
0)0000000000000000000000
000000 (Fig.6)O

@
sy

O, o, | mem chamnd by s
Srieey playrs:

Ares T l A b L)

Fig.6 UTTORI United 1000000000

00000 ARTOOO [24,25|000000000
gboooboooobooooboooboobooog
obooobooooboooobooboobooooo



gbooooooboboooboobooooooan
gboooobooooobobobooboboooboon
gboooobooooobobobooooboooogoo
gbooooboobooboooobobooooaon
goooooooooooobooooooooooono
gbooooobooooobobobooboobooobooon
gbooooobooooobobobooooboooogoo
gbooooboooobooooboooooaon
obooooobooooobobooooobooooon
gobooooobooooobobobooooboooobooo
gboooobooooboooooboobooooboao
gboooobooooboooobobooooaon
obooooboooooboboobooboobooooaoon
gboooobooooobobobooooboooogoo
gbooooboobooboooobobooooboaon
ubooooboboooboooobooboooonog
0000 Trackies]26) 0000000000000
gbooooobooooobobobooooboooogoo
gboooobooboobooooboobooooboaon
oboooooboboobooooboooooooon
O00o0000oO0ooooooooooog (Figno

woen medule (k)
- X
T e |
| | eo] e f(X)  v(x)
‘ Selection ‘ l l
(a) agent (b) module

Figr OOOO0O0O0ODOOOODOOO

3.2 OUOoO0ooOooOoboOooObObOOoOoOoogoao
gboboobod

oooooboobooooooooooooooooo
gbooooobooooobobobooooboooobooo
000/0000000000000oooooooo
gboooobooooboooobobooooaon
oboooobooooobobooooboobooooon
gbooooobooooobobobooooboooobooo
00 Trackies27) 0000000000000 O0OO
gboooobooooboooobobooooan
0000o0oO0oooooooooo (Figs)d

Situation 1

Situation 2

Situation 3

Y
&

Situation 3,---------cseeee-
'

Situation 2;--: -------------- v
H '

H H
Sltyation; Ta-ssssseindias ) :
! Environment

Fig8 OOOODOOOOOODOOODOOOOODOO
gboogoboooboobooboo

obooobobooobOoooobooboooooon
gobooooboobooooobooooboboooooooo
uboooboooobooooboooboobooog
0000000000 00O0O00oooOo 28000
oboooboooooboooobooboobooooo
goooooooboboobooooooobooboo
000 [290000000000000000000
obooobooooboooobooboobooooo
oooooooo

3.3 Ougoooo

0000 TrackiessOO O [30] 0000000000
odoooooboobooooooooooooooboooon
obooooooobOobobooooooooooon
gooobooooboooobooboobobooo
boooboobooboooobooooboooog
oboooboooobooooboobooboooo
oboooboooooboooobooboobooooo
oooobooooboooobooboobooog
O000000oooooo 310

3.4 OUodobObOooooboo

0000 AGILOOOO [32]0000ooooon
000000000000 (Potential Field method,
Shortest Path Method, Circumnavigating Obstacles,



and Maximizing the Clearance) 000000000
0000oo0o0o0oo00oooOoooooooon
00o00ooo0o0oooOoooooooooooooo
oo0o0oooo0ooO0o0ooooOooooooooo
o0o00oo0o0oo0o0ooooOoooooooon
0000oo0o00oo00ooo0o0oooooooo
O000ooO0o0ooOoooooOooooooooo
oooooooo

4 0O0OOO

00o0oooooooooooooooooooog
JdoooooooooooOoooooooooooon
Joo0oooooo00ooooooooooooon
0oo0oooooooooooooooooogn
oooooooooooooooooooooooon
JooooooDOoO0oooooOooOOoOoOOooooo
joo0do0DoOo0oooooooooooooaon
0000000000000000 Nomadl Pioneer
doooooooooooooooooooooon
joodoooo0oooooooooooooao
00oo00o00o0o0oo0ooooooooooogon
0oo0ooooooooooooooooooan
0000000000000 RMITO RaidersO0 00O
330000000000 400000000000
00o000o00o000o0ooOoo0ooooooooogon
O000OO00OO0OUTTORIOOO [20,34]000000
0000000000 40000000000 Golem
000 [35 00000000 WinKIT 2002[36] O 3
0000000000000 0000000d SharifCE
000 371000000b0000oOoooooooo
Joo0do0oDoU0oOoDoOoUooOooooooooo
opooooooooo

0oo0ooopDoo0oooooooooooooog
oooooooooooooooooOooooooono

gbogbobobobooooooobobaobaoban

gboooobooooobobobooooboooogoo
gbooooboooobooooboobooooaon
gboooobooooobobooooobooooan
goooooboooo3eonnooooooooooon
goooooooobboooobooooooooooo
00 GMD-MusashiOO 0O 380000000000
000000000000000DOoO CS-Freiburg
000 @B000000o0oooooooooon
gbooooboooooobooooooo
gboooobooooboooooobooonog

obooobooooboooobooboobooooo
oboooboooooboooobooboobobooo
oooooooobooobooooobboboboooobooDog
gbooobOoboooboobobooobobooog
obooobooooboooobooboobooooo
ooooooobooooooboooboooboooooooboo
ooooboooobooooobooboobooooog
obooobooooboooobooobooboooo
ooo

goad

[1] RoboCup Federation.
http://www.robocup2002.org, June 2002.

[2] Barry Brian Werger with team members Pablo Funes,
Miguel Schneider-Fontédn, RAndy Sargent, Carl Witty,
and Tim Witty. The spirit of bolivia: Complex behav-
ior through minimal control. In Hiroaki Kitano, editor,
RoboCup-97: Robot Soccer World Cup I, pp. 348-356.
Springer, 1997.

[3] Brune D. Damas, Pedro U. Lima, and Luis M. Custédio. A
modified potential fields method for robot navigation ap-
plied to dribbling in robotic soccer. In Gal A. Kaminka,
Pedro U. Lima, and Raul Rojas, editors, The 2002 Inter-
national RoboCup Symposium Pre-Proceedings, pp. CD—
ROM 58-71, June 2002.

[4] M. Asada, S. Noda, S. Tawaratumida, and K. Hosoda.
Purposive behavior acquisition for a real robot by vision-
based reinforcement learning. Machine Learning, Vol. 23,
pp- 279-303, 1996.

[5) 00,00,00.00000000000000000.0 3
0JSMEODOOOOODOOOOOOODOO, pp. 37-40, 1998.

[6] C. J. C. H. Watins and P. Dayan. “Technical note: Q-
learning”. Machine Learning, Vol. 8, pp. 279-292, 1992.

[7] Yasutake Takahashi, Masanori Takeda, and Minoru
Asada. Improvement continuous valued g-learning and its
application to vision guided behavior acquisition. In The
Fourth International Workshop on RoboCup, pp. 255—
260, 2000.

[8] Shuichi ENOKIDA, Takeshi OHASI, Takaichi YOSHIDA,
and Toshiaki EJIMA. Extended g-learning: Reinforce-
ment learning using self-organized state space. In Peter
Stone, Tucker Balch, and Gerhard Kraetzschmar, editors,
RoboCup 2000: RoboSoccer World Cup IV, pp. 129-138.
Springer, 2001.

9 00O,00,00,00. 000000000DO0OOOOOO
ooooooooooUooooUoooooooo.o 2100
000000000 (SIG-FAI-9403), pp. 25-32, 1995.

0000, 0000,000,0000. 000000000
000 eq-00. 0 1900000000000000, pp.
85-86, 2001.

00,00,00.0000000000000000000
0000.000000000, Vol. 15, No. 6, pp. 886-892,
1997.

oooOo,000.00000b0o0ooobooooobooo
00000O0OO. 000000000, Vol. 17, No. 1, pp.
118-124, 1999.
gooo,000.00000000DO0O0bDboooooo.
0opoooooog, Vol. 18, No. 7, pp. 1040-1046, 2000.
Y. Takahashi and M. Asada. Multi-controller fusion in
multi-layered reinforcement learning. In International

Conference on Multisensor Fusion and Integration for In-
telligent Systems (MFI2001), pp. 7-12, 2001.

Robocup2002.

(10]

(11]

(12]

(13]

14]



[15]

[16]

[17]

[18]

[19]

[20]

21]

[23]

[24]

[25]

[27]

[29]

Alexander Kleiner, Markus Dietl, and Bernhard Nebel.
Towards a life-long learning soccer agent. In Gal A.
Kaminka, Pedro U. Lima, and Raul Rojas, editors, The
2002 International RoboCup Symposium Pre-Proceedings,
pp. CD-ROM, June 2002.

Peter Stone and Mamuela Veloso. Layered approach to
learning client behaviors in the robocup soccer server. Ap-
plied Artificial Intelligence, Vol. 12, No. 2-3, 1998.

Eiji Uchibe, Masakazu Yanase, and Minoru Asada. Be-
havior generation for a mobile robot based on the adap-
tive fitness function. In Proc. of Intelligent Autonomous
Systems (IAS-6), pp. 3-10, 2000.

0000,0000,0000.00000000000000
000000000000 00000000. 0000000
000 20000000000 000, pp. CD-ROM 1B38,
2002.

00000,0000,000. 0000000000000
O0000. 000000000000000000000On
0’99 00000, pp. CD-ROM 2P1-24-001, 1999.

K. Yokota, K. Ozaki, A. Matsumoto, K. Kawabata,
H. Kaetsu, and H. Asama. Omni-directinal autonomous
robots cooperationg for team play. In Hiroaki Kitano, edi-
tor, RoboCup-97: Robot Soccer World Cup I, pp. 333-347.
Springer, 1997.

0000,0000,0000,0000,0000,0000,
000,0000,000.0000000000000000
00000.0000000000000000000000
0°98 00000, pp. CD-ROM 1AIII4-4, 1998.

K. Yokota, K. Ozaki, N. Watanabe, A. Matsumoto,
D. Koyama, T. Ishikawa, K. Kawabata, H. Kaetsu, and
H. Asama. Cooperative team play based on communica-
tion. In Minoru Asada, editor, RoboCup-98: Robot Soccer
World Cup II, pp. 491-496, 1998.

0ooo,000,0000,0000,0000,000,0
000, Uttori United-2002. 0000000000000
00000000000 : Uttori united 2002. 00000
000000000000000000°0200000, pp.
CD-ROM 1P1-C10, 2002.

Claudio Castelpietra, Luca Iocchi, Daniel Nardi, Maurizio
Piaggio, Alessandro Scalzo, and Antonio Sgorbissa. Com-
munication and coordination among heterogeneous mid-
size players : Art99. In Peter Stone, Tucker Balch, and
Gerhard Kraetzschmar, editors, RoboCup 2000: Robot
Soccer World Cup 1V, pp. 86-95. Springer, 2001.

Giovanni Adorni, Stefano Cagnoni, Monica Mordonini,
and Maurizio Piaggio. Team/goal-keeper coordination in
the robocup mid-size league. In Peter Stone, Tucker Balch,
and Gerhard Kraetzschmar, editors, RoboCup 2000: Ro-
boSoccer World Cup 1V, pp. 279-284. Springer, 2001.

Eiji Uchibe, Tatsunori Kato, Minoru Asada, and Koh
Hosoda. Dynamic task assignment in a multia-
gent/multitask environment based on module conflict res-
olution. In Proc. of IEEE International Conference on
Robotics and Automation, pp. 3987-3992, 2001.

Yasutake Takahashi, Kazuhiro Edazawa, and Minoru
Asada. Behavior acquisition based on multi-module
learning system in multi-agent environment. In Gal A.
Kaminka, Pedro U. Lima, and Raul Rojas, editors, The
2002 International RoboCup Symposium Pre-Proceedings,
pp. CD-ROM 404-411, June 2002.

M. Asada, E. Uchibe, and K. Hosoda. Cooperative behav-
ior acquisition for mobile robots in dynamically changing
real worlds via vision-based reinforcement learning and de-
velopment. Artificial Intelligence, Vol. 110, pp. 275-292,
1999.

oooo,000,0000.000000000000000
goooooooooooo.00oooooooo 4,070,
pp. 193-220. 0O OO, 2000.

(30]

(31]

(32]

33]

(34]

(35]

(36]

(37)

(38]
(39]

Yasutake Takahashi, Takashi Tamura, and Minoru Asada.
Cooperation via environmental dynamics caused by multi
robots in a hostile environment. In The Fourth IFAC
Symposium on Intelligent Autonomous Vehicles, pp. 413—
418, September 2001.

Yasutake Takahashi, Takashi Tamura, and Minoru Asada.
Strategy learning for a team in adversary environments.
In RoboCup 2001 book, p. (to appear), 2001.

Sebastian Buck, Michael Beetz, and Thorsten Schmitt.
Planning and executing joint navigation tasks in au-
tonomous robot soccer. In Andreas Birk, Silvia Corade-
schi, and Satoshi Tadokoro, editors, The RoboCup2001
International Symposium, p. to be appeared, 2001.

Andrew Price, Andrew Jennings, and John Kneen.
Robocup97: An omni-directional perspective. In Hiroaki
Kitano, editor, RoboCup-97: Robot Soccer World Cup I,
pp. 320-332. Springer, 1997.

o000, 0000, 0000, 000, 0000, 000.
Robocup 0000000 DOOOODDONOOOONDOOOO
000.00000000000000000000000°99
00000, pp. CD-ROM 2P1-24-005, 1999.

Paolo de Pascalis, Massimo Ferraresso, Mattia Loren-
zetti, Alessandro Modolo, Matteo Peluso, Roberto Pole-
sel Robert Rosati, Nikita Scattolin, Alberto Speranzon,
and Walter Zanette. Golem team in middle-sized robots
league. In Peter Stone, Tucker Balch, and Gerhard Kraet-
zschmar, editors, RoboCup 2000: Robot Soccer World Cup
IV, pp. 603—606. Springer, 2001.

Kengo Yamane, Kenichi Abe, Takatugu Matumura,
Toshihiro Matukawa, Naruhito Ozawa, Yasuki Asano, and
Kosei Demura. Winkit 2002 : Team description. In Gal A.
Kaminka, Pedro U. Lima, and Raul Rojas, editors, The
2002 International RoboCup Symposium Pre-Proceedings,
pp- CD-ROM 501, 2002.

M. Jamzad, A. Foroughnassiraei, E. Chiniforooshan,
R. Ghorbani, M. Kazemi, H. Chitsaz, F. Mobasser, and
S. B. Sadjad. Middle sized soccer robots: Arvand. In
Manuera Veloso, Enrico Pagello, and Hiroaki Kitano, ed-
itors, RoboCup-99: Robot Soccer World Cup III, pp. 61—
73. Springer, 1999.

Gmd-musashi. http://www.gmd-musashi.com/.

Cs-freiburg.
freiburg.de/ robocup/.

http://www.informatik.uni-



